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INTRODUCTION

This report presents two tables. The first is a compre-
hensive table of 157 young igneous systems in the western
United States, giving locations, physical data, and thermal en-
ergy estimates, where apropriate, for each system. The second
table is a list of basaltic fields probably less than 10,000
years old in the western United States. These tables are up-
dated and reformatted from Smith and Shaw's article "Igneous-
related geothermal systems" in Assessment of geothermal re-
sources of the United States--1975 (USGS Circular 726, White
and Williams, eds., 1975). This Open-File Report is a compan-
ion to Smith and Shaw's article "Igneous-related geothermal
systems" in Assessment of geothermal resources in the United
States--1978 (USGS Circular 790, Muffler, ed., 1979). The ar-
ticle in Circular 790 contains an abridged table showing only
those igneous systems for which thermal estimates were made.
The article also gives an extensive discussion of hydrothermal
cooling effects and an explanation of the model upon which the
thermal energy estimates are based.

Thermal energy is calculated for those systems listed in
table 1 that are thought to contribute significant thermal en-
ergy to the upper crust. As discussed by Smith and Shaw
(1975), silicic volcanic systems are believed to be associated
nearly always with high-level (<10 km) magma chambers. The
thermal calculations in table 1 are made primarily for volcanic
systems which show evidence from the presence of young silicic
extrusions that a high-~level magma chamber is being formed or
has formed in the recent past.

Table 2 lists young basaltic lava fields that are probably
less than 10,000 years old. The purpose of this listing is
simply to call attention to these areas of very young basaltic
eruptions where there may be very small thermal anomalies re-
sidual from the last magma injections in the upper crust.

These areas and many older ones are shown by Luedke and Smith
(1978a, 1978b, and in preparation) in a series of maps showing
distribution, composition, and age of all late Cenozoic vol-~
canic centers in the United States. Smith and Shaw (1975, p.
78) discussed young basic lava fields briefly and suggested
that they should not be totally ignored for geothermal explora-
tion. They do represent viable mantle sources for new magma
and some fields may have small but significant thermal anoma-
lies associated with hidden high-~level silicic bodies. How-
ever, in general, exclusively basic volcanic systems rarely
form thermal anomalies of economic interest because they rarely
form high-level magma chambers that remain exclusively basic.



THERMAL ENERGY ESTIMATES

Three categories of thermal energy are given in table 1.
AQ¢otal (column 10) is the thermal energy liberated if the
entire magma chamber cools from an initial temperature of
850°C (the appropriate liquidus temperature for most silicic
magmas) to a final temperature of 300°C (assumed ambient tem—
perature) starting from a fixed time (in most cases, the age of
the youngest silicic eruption). AQ,,, (column 11) is the
thermal enegy which remains in the system at the present time
within and around the original magma chamber. This energy con-
stitutes the identified accessible resource base for igneous-
related geothermal systems as defined in USGS Circular 790 and
is summarized in table 3 of Smith and Shaw (1979). AQgut
(column 12) is the thermal energy transferred from the magma
chamber to the roof rocks between the assumed time of emplace-
ment of the intrusive body and the present. Three assumptions
were used when making these thermal calculations: 1) a single
pulse of magma is instantaneously emplaced and cools conduc-
tively from that time, 2) for most systems, the time of em-
placement is taken as the age of the youngest silicic extru-
sion, and 3) no additional thermal energy is contributed by
magmatic preheating or resupply.

Calculations of heat contents are approximate. The number
of significant figures retained is determined from requirements
of internal consistency among columns 10, 11, and 12 for sys-
tems so old that much of their heat has been lost at the sur-
face on the basis of the model. For example, the possibility
of a slight residual heat content is indicated in Column 11 for
OR19 (Wart Peak caldera, Oregon) and is roughly proportioned
equally between roof rocks and igneous pluton. Thus, roughly 8
x 1018 7 are residual so that about 4 x 1018 J are left,
resgectively in the pluton and in the roof rocks and 356 x
1018 g have been given up by the pluton to the roof rocks and
losses at the surface; that is 352 x 1018 J have been totally
lost from the system to the surface.

In very large, older systems like ID6 (Rexburg Caldera),
calculations for columns 11 and 12 are very crude, particularly
because of the limitations of closed-system models. 1In this
case, the entries in columns 11 and 12 simply represent stabs
at the orders of magnitudes of the possible heat balances. 1In
such cases, the estimates are probably conservative.



ENTRY CHANGES

Table 1 of this report has been revised from table 7 of
Smith and Shaw (1975; USGS Circular 726). The location number
designations have been changed to correspond with the zip code
abbreviations for each state (for example, Alaska location A-1
has been changed to AK-1l), except Hawaii which has remained as
H (not HI). Seven systems have been deleted: Double (A-81),
Black (A-82), Odell Butte (0-9), Black Butte (0-10), Cougar
Mountain (0-15), Tushar Mountains (U-4), and Topaz Mountain
(U-5). Thirteen systems have been added: Ukinrek Maars
(AK-89), Hayes Volcano (AK-90), Inyo-Mammoth Fissure System
(CA-18), Templeton Domes (CA-19), East Butte (ID-5), Rexburg
Caldera (ID-6), Bearwallow Buttes (OR-18), Wart Peak Caldera
(OR-19), Frederick Butte (OR-20), Thomas Range (UT-4), Wildcat
Hills (UT-7), Clear Fork Dacite (WA-6), and Mann Butte (WA-7).
It should be noted that Idaho and Wyoming have been tabulated
separately. Yellowstone Caldera is now WY-1l. Island Park-
Huckleberry Ridge System (IW-1 in 1975) has been changed to
Island Park System (ID-1). In table 1, Island Park has two
chamber area figures: 3900 Ac - the area of the original cal-
dera system (2 m.y. old) and 2100 Ao - the area of the western
part of the system which is not overlapped by the younger (0.6
m.y. 0ld) Yellowstone Caldera (WY-1).

The thermal estimates in this report are given in joules
(instead of in calories as in Circular 726). A number of sys-
tems have significantly different thermal energies because of
recalculations made with new age and size data. These systems
include: Adagdak (AK-14), Kendrick Peak (AZ-3), Bill Williams
Mountain (AZ-4), Melvin-Three Creeks Buttes (OR-7), Cappy-Burn
Butte Area (OR-8), Mineral Mountains (UT-1l), and Cove Creek
Domes (UT-2).

The coordinates of the igneous-related systems have been
revised to best approximate the center of the caldera or the
vent distribution. 1In some cases other physical criteria had
to be used.

CIRCULAR 790 MAPS

The young igneous systems in table 1 are plotted on maps 1
and 2 of U. S. Geological Survey Circular 790. Those systems
for which an estimate of the thermal energy still remaining in
the ground (AQpgy; Column 11) can be made are shown on the
maps by nested green triangles. For each system the number of
triangles indicates the range of values in which the thermal
estimate falls. 1Igneous systems in table 1 for which no esti-
mates of thermal energy are made are symbolized on the maps by



green snowflakes. The young basaltic fields of table 2 are
also plotted on maps 1 and 2 of Circular 790, as brown shaded
areas. The identifying numbers and letters in column 1 of
tables 1 and 2 refer to the individual systems plotted on the
maps. Longitude in column 3 is west unless otherwise noted
(AKl1 to AK7). Volcanic systems marked by asterisks in column 1
are known to have some associated hydrothermal activity (see
Brook and others, 1979).

INPUT DATA

The input data from which all thermal estimates are made
are shown in columns 4-9 of table 1. The physical basis of
specific numbers is indicated by symbols which are explained
below. The composition of the last eruption (for example, sil-
icic or basic) and age data are listed in columns 4 and 5, re-
spectively. Area of the magma chamber (column 6) is based on
various surface manifestations of volcanism, geologic struc-
ture, or geophysics. The volume range of the chamber (column
7) is calculated by assuming the thickness of the magma chamber
ranges from 2.5 to 10 km. This range is reduced to a single
"best estimate" (column 8) to simplify the thermal calcula-
tions. Some volumes are derived by ten-fold extrapolation of
ejecta volumes (Smith and Shaw, 1973, and unpublished). Column
9 indicates our best estimate (based on Smith and Shaw, 1979,
fig. 3) as to the present thermal state of a magma chamber--
that is, whether or not magma exists in the system now. Many
entries are shown as greater or less than 650°C, which is the
approximate minimum temperature of solidification of granitic
melts. For those systems whose age and size data are incom-
Plete, no thermal energy estimates are made.

EXPLANATION OF SYMBOLS IN TABLE 1

AGE = T
Ty - Last eruption
Tys - Youngest silicic eruption
Tyb - Youngest basic eruption
Ts - Age (silicic)
Tc - Age caldera eruption

Tg - Greatest known age (composition unspecified)

Tgs - Greatest age (silicic)
Tgb - Greatest age (basic)
Th - Age (basic)



Ac - From caldera
Av - From vent distribution
As - From shadow

Af - From fractures
Au - From uplift
Ag - From geophysical anomaly (unspecified)
Agg - Gravity
Agm - Magnetic
Ags - Seismic
Ago - Other, see remarks
Ao - Other, see remarks

VOLUME = V
Vc - From caldera
Vv - From vent distribution
Vs - From shadow
VE - From fractures
Vu - From uplift
Vg - From geophysical anomaly
Vgg - Gravity
Vgm - Magnetic
Vgs - Seismic
Vgo - Other, see remarks
Vo - Other, see remarks
Vee - From extrapolation of silicic ejecta volume
Vb - Best estimate

METHODS OF CALCULATION OF THERMAL ENERGY

COLUMN 10: AQtotalr in units of 1018 joules
Assumptions:
Initial temperature = 850°C
Latent heat of crystallization = 272 J/g
Heat capacity = 1.3 J/g/°C
Mean density of magma = 2.5 g/cm3

The above values are approximate averages for the composi-
tion and temperature ranges of table 1. From these values the
heat liberated by crystallization and conductive cooling be-
tween 850°C and 650°C is (850°C - 650°C) (1.3 J/g/°C)

+ 271 J/g = 523 J/g. The total heat liberated in the same man-
ner between 850°C and 300°C is 963 J/g.




One cubic kilometer of magma represents 2.5 x 10159. The
total heat liberated (between 850°C and 300°C) per cubic
kilometer is (2.5 x 1015 g/km3) (963 J/g) = 2.41 x 1018
joules. This number multiplied by the volume Vp in column 8
gives the AQiota1 ©f column 10.

COLUMN 11, AQpoy, in units of 1018 joules

The time required for a change of the original gradient at
the Earth's surface to a steady-state gradient between the sur-
face temperature and the magma chamber temperature is given ap-
proximately by relations discussed by Jaeger (1964). For the
assumed depth of cover of 4 km and a thermal diffusivity of
0.007 cm2/sec, this time is about 360,000 years. Where Ty
(age of last eruption) is much younger than this time, the
total heat remaining in the system now (column 11) is assumed
to be about the same as the total value in column 10. Esti-
mates of losses for older systems require detailed calculations
of the disturbance of the geothermal gradient.

The value of thermal diffusivity used is an average esti-
mate for crustal rocks. Roof rocks above large caldera systems
such as Yellowstone, Wyoming (WY-1), Valles, New Mexico (NM-1)
and Long Valley, California (CA-3) may have smaller values of
conductive thermal diffusivity. Hydrothermal convection sys-
tems, however, can increase the effective value of thermal dif-
fusivity by a significant amount, depending on average permea-
bilities of roof rocks.

COLUMN 12, AQoyut, in units of 1018 joules

The total amount of heat transfer per square centimeter
from a magma chamber into roof rocks is given by Carslaw and
Jaeger (1959, p. 61) and also is discussed by Shaw (1974).
Using these relations the total heat transfer (AQ out) in
column 12 is given by:

Moyt = 216At*
where A is contact area (from column 6 converted to square cen—
timeters) and t is the time in seconds since Ty. Calculations
in column 12 are approximately valid only if the time of solid-
ification is greater than Ty in column 5. The time of solidi-
fication is approximated by lines 3 and 4 in figure 3 of Smith
and Shaw (1979).

If Ty is much greater than 360,000 years and the time for
solidification, the calculation of heat content is ambiguous
because of the increasing importance of hydrothermal losses.

On the basis of conduction models, however, the total time for

decay of igneous-related thermal anomalies may be very long.

As an example, the time required for the central temperature in
a magma chamber of horizontal slab-like geometry to decay from



the initial magma temperature to nearly ambient temperature is
about 2 m.y. for a magma chamber 5 km thick and about 10 m.y.
for a chamber 10 km thick. Even a liberal allowance for hydro-
thermal losses means that the igneous-related thermal anomalies
for the largest systems of table 1 probably are preserved for
times of the order 10 m.y. or longer.

Queries in columns 10-12 mean that even though data exist,
we are not confident that they pertain even approximately to
the assumptions of the calculations. Blank spaces in the table
mean that more geological and geochronological study is needed
before we are willing to make estimates.
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Table 2.--Basic volcanic fields probably

less than 10,000 years

old
Longitude Latitude

ALASKA
AK1 Devil Mountain Field --- 66°18"' 164°31°
AK2 Imuruk Lake field --- 65029 163°17°
AK3 St. Lawrence Island --- 63037 170°17"
AK4 St. Michaels field ---- - 63936° 162°37°
AK5 Ingrichuak Hill area —-----—————-——- 62°11° 164°06"'
AK6 Ingakslugwat Hills area 61022 1630958
AK7 Nunivak Island (?) 60001 166920
AK8 Pribilof (St. Paul) Islands(?) =----- 57°10° 170023
ARIZONA
AZl Unikaret flow 36922! 113909!
AZ2 Sunset Crater flow --- 35022¢ 111°30°
CALIFORNIA
CAl Copco Lake area 41059 122020°
CA2 Goosenest area 41043" 122013
Mt. Lassen - Mt. Shasta area

CA3a Callahan flows --- 41041" 121036°

CA3b Burnt Lava flows - 410311 121032"

CA3c Paint Pot Crater flow —-----—-——--—- 41033! 121042°

CA3d Six Shooter Butte flows ---------- 41031° 121937

CA3e Fall River Mills flow ——=—-———cee-o 40957! 121922°

CA3f Hat Creek flow 40°39° 121926

CA3g Cinder Cone flow "1851" ————ceee—e 40033 121°19°
CA4 Ubehebe Craters area 37901 117927
CAS5 Cima Lava field - 35°11° 115949
CA6 Pisgah field 34045 116°23°
CA7 Amboy field -- - 34033 115047
COLORADO
COl Dotsero - 39%40° 107°02°

% b



Table 2.--Basic volcanic fields probably less than 10,000 years
old--continued
Longitude Latitude

HAWAII
Hawaii Island
H 1 Hualalei 1942 155052
H 2 Mauna Kea -—- 19950° 155929!
H 3 Mauna Loa —- 19929 155936
H 4 Kilauea —- 190257 155917°"
‘Maui Island
H 5 Haleakala —_—— 20043" 156°13!
IDAHO
ID1 Craters of the Moon area —-—-—-—————- 43025! 113032"
ID2 North Robbers flow —— 43023! 112059!
ID3 Cerro Grande 43022¢ 112053
ID4 Hells Half Acre 43030° 112027!
ID5 Wapi 42053 113013"
ID6 Kings Bowl 42057! 113013!
NEVADA
NV1 Lunar Crater lava field —-—--—-—-——-—- 38029! 115959
NEW MEXICO
NM1 Capulin flow 36947 103058
NM2 McCartys flow 34049 108°00°*
NM3 Carrizozo flow 33047 105956




Table 2.--Basic volcanic fields probably less than 10,000 years
old--continued
Longitude Latitude

OREGON

OR1 North Cinder Peak flow 44036 121047
OR2 Nash Crater flow 44025° 121957°
OR3 Sand Mountain flow --- 44023° 121056"
OR4 Belknap lava field 44°17° 121051°
OR5 North Sister lava field —---—=—————-- 440312° 121947
OR6 Le Conte Crater flow 44°003" 121048
OR7 Cayuse Crater flow 44004" 121042°
OR8 Bachelor Butte lava field ———————ea-- 430591 121941
OR9 Lava Butte flow 430551 1219021
OR10 Newberry Crater area (lower flanks)-- 43950°' 121017°
OR1l Wuksi Butte area 43%46" 121945"
OR12 Pine Butte area 43%40° 121951°
OR13 Black Rock Butte area 430291 121948"
OR14 Devils Garden area 43030" 120°954"
OR15 Squaw Ridge field ————=—=——m—m—mmmemee 430281 120045
OR1l6 Four Craters lava field 43022 120°40°
OR17 Brown Mountain area 420221 122917
OR18 Diamond Craters area 43906 118945°
OR19 Jordan Craters field 43902 117925
OR20 Jackies Butte field -- 42036 117935¢
UTAH

UT1 Ice Springs field --- 380581 112930
UT5 Cove Fort flow --- 38034! 112939
UT2 Markagunt field 37934° 112043
UT4 sSanta Clara flow —- 37015 113038!
UT3 Crater Hill Flow 37013! 113906
WASHINGTON

WAl Red Mountain-Big Lava Bed ——-—=-——=-- 450551 121945°

/
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